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Description

Field of the Invention

[0001) The present invention relates o an appliance for administering a reduced pressure treatment fo a wound.

Background of the Invention

{0002] The treatment of open wounds that are too large to spontaneously close has long been a troublesome area
of medical practice. Closure of an open wound requires inward migration of surrounding epithelial and subcutaneous
tissue. Some wounds, however, are sufficiently large or infected that they are unable to heal spontaneously. In such
instances. a zone of stasis in which localized edema restricts the flow of blood to the epithelial and subcutaneous tissue
forms near the surface of the wound. Without sutficient blood flow, the wound is unable to successfully fight bacterial
infection and is accordingly unable to close spontaneousty.

[0003) An initial stage of wound healing is characterized by the formation of granulation tissue which is a matrix of
collagen, fibronectin, and hyaluronic acid carrying macrophages, fibroblasts, and neovasculature that forms the basis
for subsequent epithelialization of the wound. Infection and poor vascularization hinder the formation of granulation tis-
sue within wounded tissue, thereby inhibiting wound healing. It therefore becomes desirable to provide a technique for
increasing blood circulation within wounded tissue to promote spontaneous healing and to reduce infection. .
[0004]  Poor blood circulation and infection at the wound may aiso hinder attachment of skin grafts or flaps upon
wounded tissue. Skin grafts and flaps will not attach to tissue that is poorly vascularized, infected.or necrotic. However,
grafts and flaps can be used with much greater success on tissue that, although wounded, is able to form granufation
tissue. Accordingly, a technique for promoting blood circulation at the wounded tissue would also promote successful
attachment, or “take,” of skin grafts or flaps to the wounded tissue as a consequencs of increased blood circulation
within the grafts or flaps. i '
(0005} Ancther problem encountered during the treatment of wounds is the selection of an appropriate technique
for wound closure during the healing process. Sutures are often used to apply force to adjacent viable tissua in order to
induce the edges of a wound to migrate together and heal. However, sutures apply a closure force to only a very smail
percentage of the area surrounding a wound. When there is scarring, edema, or insufficient tissue, the tension pro-
duced by the sutures can become great causing excessive pressure to be exerted by the sutures upon the tissue adja-
centto each suture. As a result, the adjacent tissue often becomes ischemic thereby rendering suturing of large wounds
counterproductive. If the Quantity or size of the sutures is increased to reduce the tension required of any single suture,
the quantity of foreign material within the wound is concomitantly increased and the wound is more apt to become
infected. Additionally, the size or type of a particular wound may prevent the use of sutures to promote wound closure.
it therefore becomes desirable to provide an apparatus and method for closing a large wound that distributes a closure
force evenly about the periphery of the wound.

(0006]  Wounds resulting from ischemia, or lack of biood flow, are also often difticult to heal since decreased biood
flow to a wound may inhibit normal immune reaction to fight infection. Patients that are bedridden or otherwise non-
ambulatory are susceptible to such ischemic wounds as decubitus ucers or pressure sores. Decubitus ulcers form as

-aresult of constant compression of the skin surtace and underlying tissue thus restricting circulation. Since the patient

is often unable 1o feel the wound or to move sufficiently to relieve the pressure, such wounds can become self-perpet-
uating. Although it is common to treat such wounds with flaps, the conditions that initially caused the wound may aiso
work against successtul flap attachment. Wheelchair-bound paraplegics, for example, must still remain seated after
treatment of pelvic pressure sares. It therefore becomes desirable 1o provide a treatment procedure for ischemic
wounds that can be conducted in situ upon an immobile or partially mobile patient.

[0007] Other types of wounds in which ischemia leads to progressive deterioration include partal thickness burns.

* Anpartial thickness burn is a burn in which the cel! death due to thermal trauma does not extend below the deepest epi-

dermal structures such as hair follicies, sweat glands, or sebaceous glands. The progression of partial thickness burns
to deeper burns is a major problem in burn therapy. The ability to control or diminish the depth of bums greatly
enhances the prognosis for burn patients-and decreases morbidity resulting from burns. Partial thickness burns are
formed of a zone of coagulation, which encompasses tissue killed by thermal injury, and a zone of stasis. The zone of
stasis is a layer of tissue immediately beneath the, zone of coagulation. Cells within the zone of stasis are viable, but the
blood flow is static because of collapse of vascular structures due to localized edema. Unless blood flow is re-estab-
lished within the zone of stasis soon after injury, the tissue within the zone of stasis also dies. The death of tissue within
the zone of stasis is caused by lack of oxygen and nutrients, reperfusion injury (re-establishment of blood tlow after pro-
longed ischemia), and decreased mugration of white biood cells to the zone resulting in bacterial proliferation. Again, it
becomes desirable to provide a technique for treating burn wounds by enhancing blood dirculation to the wounded tis-
sue to inhibit burn penetration.
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[0008] WC-A-9309727 s part of the prior art according to Article 54(3) EPC and discloses an apoliance for admin-
istering a pressure treatment to a wound. However it does not disclose an appliance having rigid support means asso-
ciated with and separate from a sheet-like cover.

[(0009] US-A-3874387 discloses a valved haemostatic Pressure cap in the form of an appliance administering a

are associated with and Separate from the cover.

Summary of the Invention

{0010} The present invention seeks to provide a wound treatment appliance for treating a wound By applying
reduced pressure (i.e. pressure that is below ambient atmospheric pressure) to the wound in a controlled manner for a

incisions, partial thickness burns, and various lesions to which flaps or grafts have been attached.

[0012) A vacuum system is connected with the reduced pressure appliance in order to provide suction or reduced
Pressure to the appliance. For thig purpose, the vacuum system includes a suction pump or suction device for connec-
tion with the suction port of the appliance for producing the reduced pressure over the wound site. The vacuum system
may include a section of hose or tube, such as a vacuum hose, that interconnects the suction device with the suction
port of the appliance to provide the reduced pressure at the wound site. A collection device in the form of a fluid trap
may be provided intermediate tha vacuum hose of the suction device and the suction port of the appliance to trap any

[0013] in a particular embodiment of the invention, the wound cover for the reduced pressure appliance may be in
the form of a gas impermeable covering sheet of flexible polymer material, such as polysthyiene, having an adhesive

backing that provides the seal for securing the sheet over the wound site to provide an gas-tight or fluid-tight sealed .

ing a vacuum hose that is connected with a suction tube serving as a suction port for the appliance. The suction tube
for the appliance runs beneath the cover sheet that is sealed in position over the wound site and into the fluid-tight
enclosure provided under the cover sheet. An adhesive backing on the cover sheet is used to provide a fluid-tight seal
around the feedthrough for the suction tube at the wound site. Within the enclosure, the suction tube is connected with

reduced pressura to a wound over an area sufticient to promote the migration of epithelial and subcutaneous tissue
toward the wound and for a time period sufficient to facilitate closure of the wound. This is usaeful for treating pressure
sores.

[0015) An appliance according to the invention can also be used to treat a bum wound by applying a negative or
reduced Pressure to the burn over an area and for a time sufficient to inhibit progression in the depth of the burn. This
usage is useful on a partial thickness burn seon after its infliction,
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[0016] An appliance according to the invention can be used to treat tissue damage by applying a negative or
reduced pressure to @ wound for a time sufficient to reduce bacterial density in the wound. The applianca may be
applied to a wound for a selected time period such as at least three days to reduce the bacterial density of an infected
wound to the paint at which surgical closure can be attempted.

[0017] An appliance according to the invention may be used to enhance the attachment of adjacent tissue to a
wound by applying negative or reduced pressure to a joined complex of the adjacent living tissue and the wound at a
sufficient magnitude of reduced pressure and for a sufficient time duration to promote the migration of epithelia! and
subcutaneous tissue toward the compiex. This enhances attachment of adjacent tissue lo tissues of the wound edges.
Ancther use of the appliance is to enhance attachment of an open skin graft to the wound tissue.

r ot

(0018) The foregoing summary, as well as the following detailed description of the preferred embodiments of the
present invention, will be better understood when read in conjunction with the appended drawings, in which:

FIG. 1 is a schematic elevational view of an exemplary appliance for administering a reduced pressure treatment
to a wound, the applianca. shown in partial section, including a flexible, fluid impermeable wound cover sealed over
the wound and a foam wound screen positioned in the wound, and in which a vacuum system provides reduced
pressure within the wound cover of the appliance;

FIG. 2 is a schematic sectional elevational view of a second exemplary reduced pressure appliance having a rigid,
fluid impermeabie wound cover sealed over a wound and a rigid or semi-rigid screen overtying the wound;

FIG. 3 is a schematic sectional elevational view of a third reduced pressure appliance having a rigid, fluid imper-
meable wound cover sealed over a wound:

FIG. 4 is a schematic sectional elevational view of a reduced pressure appliance in accordance with the present
invention having a semi-rigid, fluid impermeable cover endlosing a wound and a rigid or semi-rigid screen overtying
the wound, with an overlying flaxible fluid impermeable cover sheet sealing the enciosure'over the wound;

FIG. 5 is a schematic elevational view of a reduced pressure appliance, shoyn in partial section, in accordance with
another embodiment of the present invention having a flexible, fluid impermeable wound cover over an inner rigid
porous support cup,

FIG. 6 is a schematic elevational view of a reduced pressure appliance, shown in partial section, having a rigid
outer frame with support legs for supporting a flexible, fluid impermeable sealing cover over a wound;

FIG. 7 is a schematic elevational view in partial section of an attemative fluid collection device having a float valv
for use in the vacuum system of FIG. 1;

FIG. 8 is a schematic view of an alternative vacuum system;

FIG. 9 is a schematic view of an alternative vacuum System incorporating a fluid collection device having an actu-
ator for de-activating the vacuum system upon collection of a predetermined quantity of fluid;

FIG. 10 is a schematic cross-sectional view of a reduced or negative pressure appliance comprising an open-cell
polymer foam screen, a flexible hose for connecting the foam screen with a vacuum system, and an adhesive-
backed flexibie polymer sheet overlying the foam-hose assembly to provide a seal over a wound; and

FIG. 11 s a schematic cross-sectional view of a reduced or negative pressure appliance comprising a rigid porous
screen for a wound, a rigid or semi-rigid cup for covering the wound having an inflatable cuff attached about the
base of the cup, and a flexibie hose axtending from the cup for connection with a vacuum system.

(0019} A wound treatment apparatus is provided for treating a wound by application of reduced pressura (i.e., below
atmosphaeric pressure) so that suction may be applied to a wound site in a controlled manner for a selected time period.
As schematically shown in Fig. 10, a wound treatmant apparatus includes a reduced pressure appliance, generally des-
ignated 600, which is applied to a wound site to treat the wound through the application of reduced pressure. The appli-
ance 600 is sealed in position over the wound site to create a generally fluid-tight or gas-tight enclosure over the wound
site. .

{0020] The appliance 600 includes a substantially flat section of open cell polyester foam section 610 (Fischer Sci-
entific. Pittsburgh, PA 15219) sufficiently large to cover the wound and thus prevent wound overgrowth, a flexible hollow
tube 611 (Fischer Scientific) inserted iro the open cell foam section 610 and joined thereto with an adhesive and
extending to attach at its opposite end with a Gast Vacuum pump (Fischer Scientific), and an loban adhesive sheet 612
(Minnescta Mining and Manufacturing, St. Paul, MN 55144) overlying the foam section 610 and tubing 611 and adhered
to the skin suroanding the wound, thus forming a seal that aliows creation of a vacuum when the suction pump opef-
ates. Such an appliance 600 would most preferably be packaged in a sterile condition to ameliorate the need for steri-
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lization of the apparatus prior to use. The adhesive sheet 612 may bhe packaged separately from the foam-tupe

[0021) As shown in FIG. 11, a reduced pressure appliance, generally designated 615, is schematicality depicted.
The reduced pressure appliance 615 includes an adult CPR mask 620 (Doug Brown and Associates, Huntington

[0022) Referring to FIG. 1, a wound treatment apparatus, generally designated 25, is depicted having a reduced
pressure appliance 29 for enclosing a wound sits to provide a fluid-tight or gas-tight enclosure over the wound site to

forated to enhance gas flow and to reduce the weight of the appliance. As shown in FIG. 1, the screen 10 is cut to an
appropriate shape and size to fit within The wound 24, Alternatively, the screen may be sufticiently large to overlap The
surrounding skin 22,

[0024] The appliance 29 also includes a suction portin the form of a hollow suction tube 12 that connects with th

the wound cover 18 from being inadvertently sucked into sealing engagement with the open end of the tube thereby
plugging the tube 12 and restricting gas flow. The tube segment 12a embedded within the foam screen 10 preferably

imerior of the foam screen 10 permits the foam screen 10 to function as a shield for the side port to thereby prevent the
wound cover 18 from being sucked into the side port 14 and thereby restricting gas fiow. The open cells of the foam
screen 10 facilitate gas flow throughout the enclosure. In addition. the foam screen 10 functions 1o prevent wound over-
growth and to hold the wound cover 18 generally out of contact with the wound 24 during the application of suction
within the enclosura. )

(0025]  Tubing 12 and tube segment 12a are sufficienty flexibie to permit movernent of the tubing but are sufficierty
rigid 1o resist constriction when reduced Pressure is supplied to the appliance 29 or when the location of the wound is
such that the patient must sit or lie upon the tubing 12 or upon the reduced pressure appliance 29. The screen-tube
assembly comprising the foam screen 10 and the tube 12 may be fabricated by snaking the end of the tube segment
12a through an internal passageway in the foam screen 10 such as by pulling the end of the tube segment 12a through
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the passageway using forceps. Alternatively, fabrication of th screen-tube assembly may be accomplished by sus-
pending the end of the tube segment 12a into a suitable mold or form and then biowing foam into the mold or form to
embed the tube end segment 12a within the blow-molded foam screen. The Screen-tube assembly 12 and 10 is prefer-
ably prepared prior 10 use under sterile conditions and then stored in an aseptic package.
[0026] In order to use the reduced pressure appliance 29 at the site of the wound 24, the flexible, gas-impermeable,
adhesive wound cover sheet 18 is secured in position at the wound site overlying the foam screen 10 disposed within
the wound 24. The wound cover sheet 18 is secured and sealed to the surrounding normal skin 22 by an adhesive layer
20 on the under surface of the wound cover 18 to form a gas-tight seal 19 around the periphery of the wound 24. The
wound cover 18 aiso provides a gas-tight seal around the tubing 12 at the faedthrough location 22a where the tubing
12 emerges from beneath the wound cover 18. The wound cover 18 is preferably formed of a fluid impermeable or gas
impermeable flexible adhesive sheet such as loban., a product of the 3M corporation of Minneapotis. Minn.
[0027] The vacuum system 30 includes a suction pump 40 That produces a source of reduced pressure or suction
which is supplied to the reduced pressure appliance 29 by suction tubing 12. As shown in FIG. 1, a fluid trap, generally
designated 28, is interconnected between the suction pump 40 and the appliance 29 to remove and coilect any exudate
which may be aspirated from the wound 24 Dy the reduced pressure appliance. The appliance 29 functions to actively
draw fluid or exudate from the wound 24. Collection of exudate in a fluid trap 28 intermediate the pump 40 and the appli-
ance 29 is desirable to prevent clogging of the pump 40. A suitable fluid trap 28 may be assembled from an Erlenmeyer
or side-arm flask 31 having a top opening and a side-arm opening. The fluid trap 28 includes a first port 32 at the top
opening of the flask for sealed connection to suction tubing 12. The first port 32 enables suction to be applied to the
reduced pressure appliance 29 through the tubing 12 and also enables exudate from the wound covered by reduced
pressure appliance 29 to be drained into the flask 31. The flask 31 provides a coflecting vessel 33 for the fluid trap for
containing and temporarily storing the collected exudate. A suction port 34 is provided at the side-arm opening of the
flask to enable the application of suction from vacuum pump 40. The suction port 34 of the fluid trap 28 is connected to
the vacuum pump 40 by vacuum line 36. The fluid trap 28 is sealed generally gas-tight to enable the suction pump 40
to supply suction to the appliance 29 through the fluid trap 28. A filter 38 such as micropore filter.is preferably attached
to the exhaust of the pump 40 to prevent potentially pathogenic microbes or aerosols from being vented to atmosphere
by the vacuum pump 40.
(0028]  Predetermined amounts of suction or reduced pressure are produced by the vacuum pump 40. The vacuum
Pump 40 is preferably controlied by a control device 44 such as a switch or a timer which may be set to provide cyclic
orvoff operation of the vacuum pump 40 according to user-selected intervais. Alternatively, the vacuum purmp 40 may
be operated continuously without the use of a cyclical timer.
(0029]  The vacuum system 30 preferably includes a shut-oft mechanism for halting or inhibiting the supply of the
reduced pressure to the appliance 29 in the event that the exudate aspirated from the wound 24 exceeds a predeter-
mined quantity. Interrupting the application of suction to the appliance 29 is desirable to prevent exsanguination in the
unlikely event a blood vessel ruptures under the wound cover 18 during treatment. i, for example, a blood vessel rup-
tures in the vicinity of the wound 24, a shut-off mechanism would be useful to prevent the vacuum system 30 from aspi-
rating any significant quantity of blood from the patient. As a safety feature, various mechanical or electrical detection
mechanisms may be employed to detect the level of exudate in the fluid trap 28.
(0030]  As shownin FIG. 7, a fiuid trap 28 employing a collection bottle or flask 35 is provided for connection inter-
mediate the pump 40 and the appliance 29 for coilecting exudate from the wound site. The flask 35 has a side-arm port
43 connected to suction tube 12 leading to the reduced pressure appliance 29 and a suction port 34 located at the top
44 ot the flask 35 connected to the vacuum hose 36 leading to the vacuum pump 40. For the purpose of detecting liquid
level within the flask 35, a float vaive assambly, generally designated 39, is provided. The float-vaive assembly 39 func-
-tions to close and seal off the suction port 34 of the fluid trap 28 when the Quantity of exudate in the collecting vessai
33 exceeds a predetermined quantity. The float valve assembly 39 is provided in the form of a ball 46 which is held and
suspended within a cage 47 positioned below a vaive saat 48 disposed within the opening at the top 44 of the flask 35.
The ball 46 has a specific gravity below that of the exudate so that the ball 46 will float upon the exudate and will be
lifted against the vaive seat 48 as the vessel 33 fills with exudate. When the ball 46 is firmly seated against the valve
seat 43, the ficat vaive 39 blocks suction port 34 and thereby shuts off the source of suction from vacuum line 36. The
suction within the appliance 29 at the wound site arrests thus halting the aspiration of axudate from the wound.
(0031]  Other types of mechanisms may be employed to detect the liquid level within the fluid trap 28 in order to
arrest operation of the vacuum source. An alternative vacuum system 30a is shown in FIQ. 8 in which a filter 38a is
employed in vacuum line 36 for tiltering the fluid or gas flow through the vacuum line 36 and for detecting the level of
liquid in fluid trap 28. Exudate from the wound is collected in vessel 33. When the vessel 33 becomes full, aspiration ot
further exudate from the wound causes the vacuum line 36 to begin to collect axudate which eventually reaches the in-
line filter 38a positioned in the vacuum line 36 intermediate the fluid trap 28 and the pump 40a having operational con-
trol 44a. The filter 38a contains a filter element that is selected to clog when exposed to sufficient amounts of moisture
to thereby halt the supply of suction througnh the fhid trap 28 to the appliance 29. The filter 38a is preferably an in-line,
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disc-shaped submicron fiiter having a nitrocellulose or PTFE filtration element for filtering particles lar
-Tum from the vacuum line 36. In addition to preventing excess fluid aspiration, the filter 38a in the vacy
vents contamination of the vacuum pump 40 by filtering patentially pathogenic microbes and aerosols.

{0032]  Other types of detection devices may aiso be employed to detect a predetermined level ot liquid collected in

ger than about
um line 36 prg-

detectors may also be empioyed.

(0033])  For the purpose of protecting the site of a wound from impact or abrasion during treatment, a reduced pres-
Sure appliance employing a rigid or semi-rigid wound cover may be utilized over the site of the wound. As shown in FIG.
2, a reduced pressure appliance 29a includes a CPR mask 58 that provides a rigid wound cover for enclosing an appro-

wound site. However, in order to ensure a gas-tight seal between the reduced pressure appliance 29a and the sur-
rounding skin 72, the mask 58 may also be secured to the treatment site with a fiuid impermeable achesive seal 68.
The adhesive seal 68 may be formed of a flexible adhesive material such as an adhesive tape or an adhesive sheet that

[0034) As shown in FIG. 3, a reduced pressure appliance 29b is depicted having a rigid, fluid impermeable, cup-
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tight enclosure is formed over the wound site.

[0035s] Referring to FIG. 4, a reduced pressure appliance 29¢ in accordance with the present invention is depicted
for enclosing a wound site for the treatment of wound 114 with suction or reduced pressure. The reduced pressure

sealed and adhered to the normal skin 102 around the outer periphery of pad 109. When sealed in position overlying
wound 114, the appliance 29¢ provides a generally fluid-tight or gas-tight enclosure over the wound site.
[0036] Referring to FIG. S, ancther reduced pressure appliance 29d in accordance with the present invention is

is placed rim side down upon a porous screen or pad 120 located within a8 wound 124. The cup 138 has perforations
133 for equalizing pressure inside and outside of the cup 138. A flaxible, fluid impermeable adhesive polymer cover

flap or graft and the underlying tissue. The pad 124 under the cup 138 heips to alleviate discomiort caused by the down-
ward force on the cup 138.

[0037) For applications where a downward pressure of the appliance into a wound is not desired, a reduced pres-
sure appliance 29e, as shown in FIG. 6, may be utilized having a support structure, generally designated 151, which is
positioned external to a flexible sealing sheet 148 for covering a wound 144, The fiexible cover sheet 148 is in the form

of a flexible, fluid impermeabje, adhesive polymer sheet. The reduced pressure appliance 29e shown in FIG. § indudes

an external support frame 151 in the form of a series of spider-like legs 158 radiating outwardly from a central support
hub 1SS. The legs 158 hoid the central hub 159 directly over the wound 144. A connector 153 is removably mounted to
the hub 155 to permit a suction tube 152 to be connected with the fiexiie cover sheet 148. The connector 153 may

nector 153 at the hub 155 and is also adhesively sealed to the skin 142 around the periphery of the wound 144 to form
a fluid-tight or gas-tight enclosure over the wound site. The legs 158 of the frame 153 extend radially outward from the
hub 153 and stand upon feet members 159 which may rest upon the outer periphery of the sheet 148 to heip hoid the

ously described for supplying reduced pressure within.the cover sheet 148. When suction or reduced pressura is intro-
duced via port 154. the sheet 148 deforms inwardly and downwardly to the position shown in phantom at 148a thus
developing tension which is exerted upon the surrounding skin 142. The deformed sheet in position at 148a pulls the
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edges of the wound 144 inwardly to the position indicated in phantom at 144b hence promoting closure of the wound
144, .

[0038]  Negativ pressure appliances are useful for ireating a vari ty of wounds. Treatment of a woung can be car-
ried out by securing a negative pressure appliance to the treatment site as previously shown and describeq. and then

always contaminated with harmful bacteria. Generally a bacterial density of 105 bacterial organisms per gram of tissue
is regarded as infected. It is generally accepted that at this level of infection, grafted tissue will not adhere to a wound.

environment or the increased biood flow to the wound area, as'bicod brings with it cells and enzymes to destroy the
bacteria. The method can be used to reduce bacterial density in a wound by at least halt. More preferably, it can be used
to reduce bacterial density by at least 1,000 foid. Most preferably, the method can be used to reduce bacterial density
by at least 1,000,000 foid.

[0042)] A method of treating a burn comprises the steps of applying negative pressure to the burn over an area with
predetermined reduced pressure and for a time sufficient to inhibit formation of a full thickness burn. A partial thickness

[0043] A method for enhancing the attachment of living tissue to a wound comprises the steps of first joining the
living tissue to the wound to form a wound-tissue complex, then applying a negative or reduced pressure of selected

Closure of the wound. Attachment of living tissue to a wound is a common procedure that can take many forms. For
example. one common technique is the use of a Yiap," a technique in which skin tissue from an area adjacent to the
wound is detached on three sides but remains attached on the fourth, then is moved onto the wound. Ancther frequently
used technique is an open skin graft in which skin is fully detached from another skin surface and grafted onto the
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Example 1 - Treatment of Open Wounds

(0044) In order to demonstrate the use of a negative pressure appliance in the treatment of open wounds, an anima
study was conducted using pigs as subjects. Pigs are frequently used as subjects in wound healing studies since they

[004s]) Five 15 kg Chester pigs were obtained and acclimated for 1 week prior to use. The animals were sedateq
with an intramuscular injection of ketamine (25 mg/kg): xylazine (2.5 mg/kq): acepromazin (5 mg/kg). The backs and

the volumes of the wounds.
[0046) A reduced pressure appliance of the type discussed in connection with FIGS. 2 and 11 wag positioned over
each wound, and the Cups were sealed to the skin with an loban sheet. A non-compressible silicone tube was attached

supplied to the anterior appliances. No reduced pressure was applied to the posterior wounds. The animals were
allowed to recover from anesthesia and given food and water ad /ibitum. The tubes were suspended from a pulley sys.

The data in the third column of Table 1 shows the number of days needed for the treated and non-treated wounds to
heal. In order to allow comparisons between the healing rate of variously-sized wounds, the data in the fourth column
i8 axpressed as a healing rate in terms of cc granulation tissue per day. As can be seen, the treated wounds axhibited
higher rates of healing than did the non-treated wounds. The wounds treated with reduced pressure filled with granula-
tion tissue at an average rate that was 52.3% greater than the rate of granuiation of the control wounds. Animals num-
bered 1 and 2 experienced intermittent loss of reduced pressure throughout the experiment, yet the treated wounds of
these animals also healed significantly faster than their control wounds.

TABLE 1
Animal | wound [ Initai Wound Voi- | Days to Full Granu- Fill Rate (cm°/day) | % Rate Increase Due
ume (cm?) lation to Treatment

# control 49 13 0.38 . 263
Treated 53 1 0.48

# Control 7.2 8 0.90 28.9
Treated 9.3 8 1.16

" Control 40 _ 12 0.33 75.8
Treated 3.5 6 0.58

#4 ' control 4.7 11 0.43 65.1
Treated 5.0 7 ' 0.71 '

#5 Control 4.7 11 0.43 65.1
Treated 5.1 7 0.71

Average - - - - 52.3

Example 2 - Reduction of Infection

10
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[0049] Five 15 kg pigs were obtained and wounds created as set forth in Example 1. Two 2.5 ¢cm diameter defects
were created on the dorsum of each pig using a sterile technique, with a 7.5 ¢m intervai retained between the edges of
the defects. Hemostasis was obtained by electrocautery. Prior to placement of the reduced pressure appliances, 108
organisms of Staphylococcus aureus in 1 mi saline solution were injected into sach wound. The reduced pressure

full thickness biopsy was taken from each wound site daily. The devices were then reattached and reduced pressure re-
applied. This routine was continued for one week.

[0050) The biopsy samples were weighed and sterile saline (89X biopsy weight) added. The tissue samples were
homogenized in a tissue grinder and serial dilutions were made in triplicate. 100 micraiiters of each dilution was plated
on a blood agar plate and incubated overnight. The number of colonies were counted on each plate and thus the
number of organisms per gram of tissue was calculated. The data was recorded as the common logarithm of the
number of organisms/gram tissue and is shown in Table 2.

TABLE 2
Average Logso(organisms/gm)
Day0 | Day1 | Day2 | Day3 Dayd | Days | Day 7
Control 8.44 8.04 8.17 7.13 713 |.8.82 7.08
Treated 7.69 7.36 7.37 6.79 6.43 3.98 432

(0051]  As can be seen in Table 2, the common logarithm ot the average number of organisms per gram of tissu
present in the treated and non-treated wounds decreased slightly for all five animals over the first 4 days. In the treated

" wounds, the mean log of organisms/gm decreased dramatically between days 4 and 5. The mean log of organisms/gm

within the non-treated wounds increasad during the same period. Using the traditional baseline of 10% crganisms/gm to
define infection, the data of Table 2 shows that the average treated wound was disinfected after four days of treatment
while the average non-treated wound was still infected after 7 days.

Examplie 3 - Treatment of Bums

[0052) Use of reduced pressure appliances upon burns has been found to retard the progression of partial thick-
ness burns into full thickness burns. A partial thickness burn is a burn in which the depth of cell death due to thermal
trauma does not extend below the level of the deepest epidermal structures (i.e., the base of hair follicies, sweat glands,
sebacaous glands, etc.). A bumn that is initially a partial Thickness burn will often deepen and prograss into a full thick-
ness bumn due to insutticient blood circulation to the epidermal cells beneath the partial burn.

Example 3A

[0053]  The backs of five 15 kg pigs were shaved and scrubbed for surgery. A 3.8 cm (1.5 inch) diameter brass rod
was heated to 190°C in an oil bath. The rod was pressed onto the pig's skin for 15 seconds following a well-known tech-
nique of relating depth of burn to time and temperature. Three burns wera created over the spine of each pig, separated
by § cm intervals. Suction apparatus cups of The configuration shown in FIGS. 2 and 11 were placed over two of the
burns, with silver sulphadiazine (Silvadine - Trade Mark) cream, the standard antibiotic cream applied to human burns
prior to excision of burned tissue, applied to the third. Cefaxolin (Kefzol) (500 mg) was administered inmtramuscularly
(antibiotic). Suction of 0.91 to0 2.72 kg vacuum (2-6 pounds vacuum) was applied to one of the cups. A small (2 mmy)
punch bicpsy was taken of the wounded area and examined histologically for depth of burn.

{0054) Biopsies were analyzed by a dermatopathologist who was not toid the nature of the study. It was conciuded
that the suctioned tissue specimens were heatthier and healing more quicidy than non-suctioned specimens.

Example 38
(0055] A set ot 2 cm diameter standardized depth partial thickness burns were created by pressing a heated metal

rod to each side of five anesthetized pigs to create 16 bums on each side of each pig. Reduced pressure appliances of
the type shown in FIGS. 2 and 11 were secured over each of the burns on the left side of each animal and a continuous
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pressure of 20.3 kPa (6 in. Hg) was supplied to the reduced pressure appliances. The animals were anesthetized daly,
and elliptical full-thickness biopsies extending from non-injured tissue., through the center of each burn, and intg non-'
Injured tissue were harvested, fixed in formalin, processed for histological analysis and stained with Hematoxylin/eqsin
and Gomori's trichrome. The histologic slides were then-given to a Dermatopathologist for blind determination of byrn
depth according to the Breslow Local Scale of maximum depth of cell death below the surface of the skin,

[0056] The Breslow Level (maximum total depth) for the burns treated by reduced pressure was 0.095 mm. The
maximum depth of the burns which were not treated by reduced pressure was 0.885 mm. The use of reduced pressure
appliances thus resulted in a 112% reduction in the maximum depth of burn progression.

Example 3C - Treatment of Burn With Negative Pressure

(0057) Patient B. is admitted with second and third degree burns over the face and upper extremities, including both
hands, as a result of a house fire. A large mitten-shaped reduced pressure appliance of the general type shown in FIGS.
1and 10 is placed over the patient's right hand, with open cell foam inserts placed between the fingers to apply reduced
pressure to the interdigit spaces. Three pounds of vacuum is applied cyclically in a pattern of five minutes on, § minutes
off. The appliance is changed on a three times per week schedule. Treatment is continued until the necrotic tissue
sloughs off or is excised, followed by split thickness skin graft placement.

Example 4 - Treatment of Flaps

[0058) in order to determing the effect of reduced pressure application upon skin flap survival, five 15 kg Chester
Pigs were obtained and acclimated for 1 week as described previously. Two dorsally-based 3 cm by 12 cm flap outlines

- were drawn using indelible ink on each side of the pigs, leaving 6 cm batween each flap. The flaps were assigned to

one of four groups as follows:

(1) Dual-treated flaps are flaps that were axpesed to reduced pressure both prior to and following surgery:

(2) Pre-treated Haps are flaps that were exposed to reduced pressure prior to surgery, but were not exposed to
reduced pressure after surgery:

(3) Post-treated flaps are flaps that were exposed to reduced pressure following surgery; and

(4) Control flaps are flaps that were not exposed to reduced pressure either pre- or post-surgery.

{0059) The pre-treated flaps were initially treated by covering an area surrounding one of the flap outlines on the
left side of each animal with a reduced pressure appliance of the type shown in FIGS. 1 and 10 having a large piece of
open cell foam into which a tube was inserted. The foam was covered and sealed to the flap area with impermeable
adherent sheeting. A reduced pressure of 3.2 kg (7 pounds) was then continuously applied to the area for 7 days.
[0060] On the day of surgery, each pig was sedated as previously described and anesthesia was maintained by 1%
halothane. Two 3 cmby 12 cm dorsally based flaps wera created on each side of the pig following the flap outlines. The
flaps were created at a depth immediately below the panniculus carnosus {a subcutaneous muscle layer). The flaps
were raised and Then sutured back in place with single, interrupted sutures of 3-0 nylon. The reduced pressure appli-
ances were then placed over the anterior flaps on each side of the animal. A reduced pressure of 2.3-3.2 kg (5-7
pounds) was continuously applied to the anterior flaps. Each suction tube ran from the appliances on the animals
upward through a pulley suspended over the pens and down to a vacuum trap bottie to collect any liquid exudate. A
hose was connected from each vacuum trap bottle to a vacuum pump to supply the reduced pressure to the appliances.
The animals had free access to all areas of the pen.

(0061] The animals were anesthetized 72 hours after surgery and the appliances were removed. Photographs of
each side of the animals were taken, and tracings of the flaps (and encompassing any discolored areas) werg made on
acetate to allow for planimetric calcutation of percent survival. The appliances were then replaced and reduced pres-
Sure re-applied. This routine was continued at 48 hour intervals until no further necrosis or healing of the flaps was
observed.

[0062) The distal partions of all flaps were discolored 72 hours post surgery, with the flaps exposed to reduced
pressure being lighter in color. The distal ends of all flaps appeared to necrase and an eschar formed over the distal
portion of each flap. Over time the eschar spontaneously desquamated. exposing the outline of the criginal flap. The
eschar over the control and pre-treated flaps consistently desquamated sooner than the post-treated and the dual-
treated flaps. The control flaps had contracted to a Y shape which was evident after the eschar had desquamated. The
dual-treated flaps had contracted slightly and appeared as long, thin rectangles after dislodgement of the eschar. The
pre-treated flaps and post-treated flaps wera intermediate between the control and dual-reated flaps in regard to flap
contraction. .

[0063] Dual-treated flaps exhibited the greatest survival in terms of percent retention (72.2%) of the original tlap
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Example 5 - Treatment of Decubitus Ulcers

[0064] Application of reduced pressure was tested upon chronic decubitus ulcers and was found to be effective in
the treatment thereof. Necrotic soft tissue was removed from the ulcers prior to placement upon the treatment site of a

lowing case histories demonstrate the manner in which various pressure sores were treated:
[0065] Case 1- A 39 year-old male T4 paraplegic had suffered from multiple recurrent pressure sores over a period
of 8 years. He had been treated for a trochanteric decubitus with 3 tensor fascia lata flap which had developed a recur-

gressively less indurated, granulation tissue formation rapidly progressed, the edges of the wound came into approxi-
mation, and the wound was healed completely.
[0067] Case3-AS51 year-old T1 paraplegic had multiple previous pressure sores culminating in bilateral asynchro-

minute intervals. The appliance was replaced every three days during treatment. In the course of the treatment, the
wound first granulated to cover the bone completely and then the wound re—epithelialized’frcm the margins. After 12
weeks of the treatment, a 2 cm by 5 cm scrotal flap was used to cover the midline area of the wound. The wound has

remained stable beyond 6 months after treatment. .

Exampte 6 - Treatment of Dehisced Incisions

[0068] A 50 year old debilitated white male who had undergone a colostomy through a midline laparotomy was re-
admitted to the hospital for wound dehiscence and evisceration following an upper respiratory infection. He was taken
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patient was taken to the operating room, where the surrounding tissue was undermined and used to close 75% of the
wound. Split thickness skin grafts were used to cover the remainder of the wound, and were placed on the bed of gran-
ulation tissue. There was 80% take of the grafts, and the remaining areas healed spontaneously with wet to dry dress-
ing changes. The wound has remained stable 16 months after surgery.

Example 7 - Treatment of Infected Wound

[0063) Infected wounds have been successtully treated via application of reduced pressure as described in the fol-
lowing cases:

Case 1 - A 39 year old white male sustained severe avulsive trauma to his left lower extremity in a motor vehicle
accident 10 years prior to presentation. He presented with a ten year history of chronic osteomyelitis and a 3 cm
diameter open ulcer with exposure of bane of his left lateral malleolus. He had previously undergone 7 local surgi-
cal procedures to attempt closure of the wound. An arteriogram demonstrated a one vessel foot with diffuse athero-
sclerosis and post raumatic changes. The extremity was debrided of necrotic soft tissue and all invoived bone
saucerized. The patient was placed on a five week course of antibiotics. The day after debridement, a reduced
pressure device of the type shown in FIGS. 2 and 11 was applied over the wound and a reduced pressure of 16.9
kPa (S in. Hg) below atmospheric pressure was applied. The device was changed on a three times per week sched-
ule. After 14 days of treatment, the wound was smaller and filled with granulation tissue which completely covered
the praviously exposed bone. A split thickness skin graft was placed over the wound and healed primarily. The
wound has been stable for 13 months with no recurrence of osteomyelitis or tissue breakdown.

Casae 2 - A 51 year old white male T8 paraplegic was admitted to the hospital for an infected left trochanteric pres-
sure sore which had been present for one year and measured 4 cm by 6 cm. The patient had previously undergone
multiple procedures for treatment of this condition including a V-Y advancement flap 4 months prior to presentation.
A scan revealed possible chronic osteomyelitis of the left femur. it was decided o treat the potential csteomyelitis
with a five week course of IV antibidtics. The wound was debrided, then treated using a reduced pressure appliance
of the type shown in FIGS. 1 and 10 for 6 weeks with cydlical reduced pressure [16.9 kPa (S in. Hg) below atmos-
pheric pressure; 5 minutes on/S minutes off). The wound rapidly granulated and decreased in size. After 6 weeks
the wound had closed and the patient discharged. The patient was readmitted 1 month later with a draining sinus
tract to the bone. The previously scanned head of the left femur was resected and the wound closed primarily over
drains. The wound healed without further prablems.

Example 8 - Chronic Open Wound Secondary to Stasis Ulcers

[6070] A 45 year old black female patient with a 10 year history of bilateral stasis ulcers of the pretibial area was
presented with bilateral 10 cm by 15 cm infected uicers with exposed fascia. Two previous attempts at skin grafting in
the previous year had failed. The patient was treated using a reduced pressure appliance of the type shown in FIGS. 1
and 10 for 14 days with cyclical (S minutes orVS minutes off) reduced pressure of approximately 16.9 kPa (S in. Hg)
below atmospheric pressure. After 14 days treatment, quantitative bacterial counts of both uicers were below 102 bac-
teria/grain tissue, and both ulcers appeared as heatthy granulating beds. Spiit thidmess skin grafts were Then applied
and exhibited 100% taks. The patient is ambulating, and the wounds have remained healed for 2 months, which is the
longest The wounds had been healed in The last 10 years.

Example 9 - Enhancement of Blood Flow

{0071] It is believed that The efficacy of reduced pressure appliances in such treatments as have been described
is due at least in part to enhancement of biood circulation within the treated wounds. In order to determine the effect of
pressure application upon blood flow, a laser doppler needle probe was inserted into tissue adjacent to a pressure sore.
A baseline flow level was recorded for thirty minutes. Then, the relative biood flow level was measured while a reduced
pressure corresponding to 16.9 kPa (S in. Hg) below atmospheric pressure was continuously applied to the wound for
30 minutes using a reduced pressure appliance of the type shown in FIGS. 1 and 10. Ouring continuous reduced pres-
sure application. the refative biood flow level was only slightly higher than the baseline level.

[0072] Then the supply of reduced pressure to the appliance was cycled on and off at equal 5 minute intervals. Our-
ing the “off" portions of the cyde, the relative blood flow level was twice as high as the baseline level. It is postulated:
that the increased blood flow during The off cycle is likely due to a “rebound” phenomenon. During the “on” cycle. biood
is drawn toward the wounded tissue from bath the venous and arterial branches of the vascular network in the vicinity
of the wound. During the “off* cycle, this bicod is transported toward the venous branch of the vascular netwark at a rate
that is greater than would have been observed in the absence of the preceding “on” cycle.
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[0073) The terms and expressions which have been employed are used as terms of description and not of limitation
and there is no intention in the use of such terms and expressions of excluding any equivalents of the featureg shown
and described, or portiong thereof, but it is recognized that various modifications are possible within the scope of the
claimed invention.

Claims

1.

2.

3.

10.

11.

12

13.

14.

An appliance (29c¢) for administering a reduced pressure treatment to a wound comprising:
(a) an impermeabie cover (117) for covering and enclosing the wound (114) and for maintaining reduced pres-

sure at the site of the wound:

(0) aseal (119) operably connected with the cover (117) for sealing said cover to tissue surrounding the wound;
(c) rigid support means (118); and

(117) for holding the cover out of contact with the wound.

An appliance according to claim 1, characterised in that it further comprises a screen (100) for preventing over-
growth of wound tissue, said screen (100) being positioned betwaen said wound (114) and said cover (117).

An appliance according to claim 2, characterised in that said screen (100) comprises a porous sheet.

An appliancs according to claim 1, characterised in that said reduced pressure is from about 6.77 kPa (2 inch Hg)
below atmospheric pressure to about 23.70 kPa (7 inch Hg) below atmospheric pressure.

1
An appliance according to any of claims 1 1o 4, characterised in that said seal (119) indludes an adhesive material
on the cover for securing said cover to the tissue surrounding the wound.

An appliance according to claim 1, characterised in that said cover comprises a fledble sheet (128).

An appliance according to claim 6, characterised in that the support means (138) connects with said shest (128)
forsmporﬁngsaidsheetwmmfrommewwnd.

An appliance according to claim 7, characterised in that said support means comprises a support member (138)
located between said sheet and the wound.

An appliance according to claim 8, characterised in that said support member includes a POrous cup member (138)
having a connection port (134) for connecting with said reduced pressure supply means (132).

An appliance according to claim 8, characterised in that it further comprises a pad (120) between the wound (124)
and said support member (138) for alleviating discomfort caused in the wound by said Support member.

extending outwardly over the wound (144) and external to said sheet (148).

An appliance according to claim 11, characterised in that said support means comprises attachment means for

attaching said sheet to said Support means, said attachment means having a connecting member (153) for con-
necting with said reduced pressure supply means for providing said reduced pressure beneath said sheet, and said
support member (15t) comprising a plurality of leg members (158) attached to said attachment means for holding
said attachment means and said sheet outward from the wound.

An appliance according to claim 2, characterised in that said screen is adapted for placement at a location between
the wound and said cover to prevent overgrowth of the wound and is secured in said location at the periphery of

An appliance according to claim 2, characterised in that said screen comprises a sheet-like mesh.
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An appliance according to claim 12, characterised in that said seal includes an adhesive material on the cover tor
adhering to tissue surrounding the wound and a seal memper at least partially overlying said cover.

An appliance according to any of the preceding claims, Characterised in that said reduced pressure supply meang
comprises a vacuum system for producing a reduced pressure.

An appliance according to claim 16, characterised in that said vacuum system includes a collection device for col-
fecting fluid aspirated from the wound. ’

An appliance according to claim 17, characterised in that said collection device includes means for halting said
application of reduced pressure to the wound when said fluid exceeds a predetermined quantity.

An appliance according to any of claims 16 to 18, Characterised in that said reduced pressure is frém about 6.77
kPa (2 inch Hg) below atmospheric pressure to about 23.70 kPa (7 inch Hg) below atmospheric pressure.

An appliance according to any of claims 16 to 19, characterised in that said reduced pressure supply means com-
prises a length of tubing connected between said vacuum system and said cover and in that said vacuum system
comprises:

(a) a vacuum pump conneded with said tubing; and
(b) a filter for preventing said pump from venting micro-organisms aspirated from the wound.

An appliance according to claim 20, characterised in that said filter is connected along said tubing between said
Pump and said cover for preventing contamination of said pump.

. An appliance according to any of claims 16 to 21, characterised in that said vacuum System comprises control

means for cyclically controlling said production of reduced pressure in alternating periods of production and non-
production of reduced pressure.

An appliance according to claim 18, characterised in that said reduced pressure supply means comprises a length
of tubing_and said halting means comprises a filter along said tubing, said filter having pores that block the supply
of reduced pressure via said tubing when said pores are filled with said fluid.

An appliance according to claim 1, characterised in that said reduced pressure Supply means comprises an open
cell foam screen for applying the reduced pressure to the wound, and a tube member embedded in said screen for
extending from beneath the cover and for supplying the reduced pressure to said foam.

An appliance according to claim 26, characterised in that said tube member has a side port within the foam for pro-
moting substantially uniform application of reduced pressura to the wound. :

An appliance according to dlaim 26 or 27, characterised in that said foam screen is adapted to be conformed to the
shape and size of the wound. '

An appliance according to claim 1, characterised in that:
(a) said cover comprises a deformable cover for placement over the wound:

(b) said seal comprises an adhesive layer on the cover for forming a seal between said cover and tissue sur-
rounding the wound; '
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(c) said support means SuUppOrts said cover outward from the wound forming an enclosed volume boundeg by
said cover and the wound and tissue surrounding the wound: and

(d) said reduced pressure supply means supplies reduced pressure to said enclosed volume and deforms said
COver $o as to maintain the reduced pressure on the wound and to exert tension upon the tissye surrounding
the wound.

An appiiance according to claim 29, characterised in that said support meang comprises a support member pPosi-
tioned within said enclosed volume.

An appliance according to claim 30, characterised in that said support member comprises a porous cup member.

An appliance according to ctaim 30, characterised in that said Suppart means comprises a support member posi-
tioned external to said enclosed volume.

An appliance according to claim 32, characterised in that said support means comprises attachment means for
attaching said cover to said support mearns, and said support means comprises a plurality of leg members for sup-
porting said caver out of contact with the wound.

. An appliance according to any of claims 1 and 16, characterised in that only a single port is associated with said

cover for connecting said reduced pressure supply means to said cover.

An appliance according to dlaim 8, characterised in that the support means includes a convex shield and the flexi-
ble sheet overlies and axtends beyond the shield at the periphery of the sheet.

An appliance according to dlaim 35S, characterised in that the seal cooperates with a portion of the flexible sheet
that extends beyond the shield to seal the cover. ¥

An appliance according to claim 35, characterised in that it further comprises a pad positioned between edges of
the shield and the tissue surrounding the wound.

Patentanspriche

1.

Varrichtung (29¢) zum Vornehmen einer Unterdruckbehandlung an einer Wunde, umfassend:

(a) eine undurchiassige Abdeciaung (117) zum Abdeckan und VerschiieBen der Wunde (114) und zum Aut-
rechterhalten von Unterdruck an der Wundstelle;

(b) eine Abdichtung (1 19) in Wirkverbindung mit der Abdeckung (117) zum Abdichten besagter Abdeciang
gegenuber dem die Wunde umgebenden Gewebe;

(c) ein starres Tragermittel (118) ; und

(d) ein Mittel (112) zum Zufdhren von Unterdruck in Wirkverbindung mit der Abdeckung zum Anschluss an ein
Saugquelle zum Zufihren und Aufrechterhalten des Unterdrucks unter der Abdeckung, dadurch gekenn-
2eichnet, dass die Abdeciaung (117) flachenformig ist und das starre Tragermittel (118) der Abdeckung (117)
2ugeordnet und davon getrennt ist, um eina Berihrung der Wunde durch die Abdeckung zu vermeiden.

Vorrichtung nach Anspruch 1, dadurch gekenﬁze‘chnet dass sie ferner eine Abschirmung (100) zum Verhindemn
einer lJberwucherung von Wundgewebe umfasst, wobei diesa Abschirmung (100) zwischen der Wunda (114) und
der Abdeckung (117) angeordnet ist.

Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass die Abschirmung (100) eine pordse Folie autweist.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass der Unterdruck im Bereich von ca. 6,77 kPa (2 Zotl
Hg) unter Atmospharendruck bis ca. 23.70 kPa (7 Zoll Hg) unter Atmospharendruck liegt.

Vorrichtung nach einem der Anspriche 1 bts 4, dadurch gekennzeichnet, dass die Abdichtung (119) ein Klebema-
terial aut der Abdeckung zum Befestigen der Abdeciung aut dem die Wunde umgebenden Gewebe enthalt.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass die Abdeciung eine flexible Folie (128) enthait.
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Vorrichtung nach Anspruch 6, dadurch gekennzeichnet, dass das Tragermitte! (138) zur Unterstmzung der Folia
aufBerhalb der Wunde mit der Foiie (128) verbunden ist.

Vorrichtung nach Anspruch 7, dadurch gekennzeichnet, dass das Tragermittel ein Tragerglied (138) umtasst, das
Zwischen der Folie und der Wunde angeordnet ist. . ]

Vorrichtung nach Anspruch 8, dadurch gekennzeichnet, dass das Tradgerglied ein pordses Becherglied (138) mit
einer Anschlussotnung (134) zur Verbindung mit dem Mittel (132) zum ZutGhren von Unterdruck autweist,

Vorrichtung nach Anspruch 8, dadurch gekennzeichnet, dass sie ferner ein Polster (120) zwischen der Wunde
(124) und dem Tragergtied (138) zum Lindern von in der Wunde durch das Tragerglied verursachten Beschwerden
enthait.

Vorrichtung nach Anspruch 7, dadurch gekennzeichnet, dass das Tragermittel ein Tragerglied (151) aufweist, das
sich nach auBen Uber die Wunde (144) und autf der AuBenseite der Falie (148) erstreckt.

Vorrichtung nach Anspruch 11, dadurch gekennzeichnet, dass das Tragermittel ein Befestigungsmittel zum Befe-
stigen der Folie an dem Tragermittel enthalt, wobei das Befestigungsmittel ein Verbindungsglied ( 153) zum Verbin-

13. Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass die Abschirmung zur Platzierung an einem Ort zwi-

14.

15.

16.

17.

18.

19.

20.

21,

schen der Wunde und der Abdeciung vorgesehen ist, um eine Ubemucherung der Wunde zu vermeiden, und an
dieser Stelle am Umfang der Abdeciaing befestigt ist N
Vorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass die Abschirmung ein flachenférmiges Maschenge-
flecht umfasst.

Vorrichtung nach Anspruch 12, dadurch gekennzeichnet, dass die Abdichtung ein Klebematerial auf der Abdek-
kung zum Ankleben an die Wunde umgebendem Gewebe und ein zumindest teilweise uber der Abdeckung liegen-
des Dichtungsglied umfasst. ’

Vorrichtung nach einem der vorhergehenden Anspriche, dadurch gekennzeichnet, dass das Mittel zum ZufGhren
von Unterdruck ein Vakuumsystem zum Erzeugen eines Unterdrucks umfasst.

Vorrichtung nach Anspruch 16, dadurch gekennzeichnet, dass das Vakuumsystem eine Aut fangvorrichtung zum
Autfangen von aus der Wunde abgesaugter Flussigkeit enthait.

Vorrichtung nach Anspruch 17, dadurch gekennzeichnet, dass die Auffangvorrichtung ein Mittel enthalt zum Stop-
pen der Aufbringung von Unterdruck auf die Wunde, wenn die Flissigkeit eine vorbestimmte Menge Uberschreitet.

Vorrichtung nach einem der Anspriche 16 bis 18. dadurch gekennzeichnet, dass der Unterdruck im Bereich von
ca. 6.77 kPa (2 Zoll Hg) unter Atmospharendruck bis ca. 23,70 kPa (7 Zoll Hg) unter Atmospharendruck liegt.

Vorrichtung nach einem der Anspriche 16 bis 19, dadurch gekennzeichnet, dass das Mittel zum Zufahren von

Unterdruck ein zwischen dem Vakuumsystem und der Abdeckung angeschlossenes Schlauchstick enthalt und
dass das Vakuumsystem foigendes umfasst:

(a) eine mit dem Schlauch verbundene Vakuumpumpe; und
(b) einen Filter zum Verhindern des Abfihrens von aus der Wunde angesaugten Milgoorganismen durch die

Pumpe.

Varrichtung nach Anspruch 20, dadurch gekennzeichnet, dass der Filter ertlang dem Schlauch zwischen der
Pumpe und der Abdeckung zum Verhindern einer Kontamination der Pumpe angeschlossen ist.

. Vorrichtung nach einem der Anspruche 16 bis 21, dadurch gekannzeichnet, dass das Vakuumsystem ein Steuer-

mittel zur zykiischen Steuerung der Erzeugung von Unterdruck in alternierenden Phasen, in denen Unterdruck

18



25

50

55

23.

24.

25

26.

27.

28.

29.

30.

31

32,

33

EP 0688 189 B1

érzeugt cder nicht erzeugt wird, umfasst.

mer festgestellt wird.

Vorrichtung nach Anspruch 18, dadurch gekennzeichnet, dass das Mittel zum Zutihren von Unterdruck ein
Schlauchstuck umfasst und das Stoppmittel einen Filter entlang dem Schlauchstick umfasst, wobei der Filter
Poren aufweist, die die Zufubr von Unterdruck Gber den Schlauch blocideren, wenn die Poren mit der Flussigkeit
gefllt sind. .

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass das Mittel zum Zufdhren von - Unterdruck eine
Abschirmung aus offenzelligem Schaumstoff zum Aufbringen des Unterdrucks auf die Wunde und ein in die Aschir-
mung eingebettetes Schlauchglied, das sich von unterhald der Abdeciang erstreckt und den Unterdruck dem
Schaumstoff zufGhrt, enthatt.

Vorrichtung nach Anspruch 26, dadurch gekennzeichnet, dass das Schlauchglied eine seitliche Oftnung im
Schaumstoff enthalt, um eine im wesentlichen gleichfdrmige Autbringung von Unterdruck aut die Wunde zu for-
dern.

Vorrichtung nach Anspruch 26 oder 27. dadurch gekennzeichnet, dass die Sd'laumstoﬂ-Absdwirmung ausgelegt
ist, an die Form und GroBe der Wunde angepa8t zu werden.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass:

(a) die Abdeckung eine verformbare Abdeciaung zur Platzierung dber der Wunde enthalt;

(b) die Abdichtung eine Klebschicht auf der Abdeciung zur Bildung einer Abdichtung zwischen der Abdeckung
und dem die Wunde umgebenden Gewebe aufweist;

(c) das Tragermittel die Abdeckung auBerhalb der Wunde fragt, wobei ein abgeschicssenes, von der Abdek-
kung und der Wunde und dem die Wunde umgebenden Gewebe begrenztes Volumen gebildet wird;

umgebende Gewebe Spannung ausgedbt wird.

Vorrichtung nach Anspruch 29, dadurch gekennzeichnet, dass das Tragermitte! ein innerhalb des abgeschlosse-
nen Volumens angeordnetes Tragergtied umfasst.

Vorrichtung nach Anspruch 30, dadurch gekennzeichnet, dass das Tragerglied ein porases Becherglied enthait.

Vorrichtung nach Anspruch 30, dadureh gekennzeichnet. dass das Tragermittel ein auflerhald des abgeschiosse-
nen Volumens angeordnetes Becherglied umfasst.

Vorrichtung nach Anspruch 32, dadurch gekennzeichnet, dass das Tragermittel ein Befestigungsmittel zum Befe-
stigen der Abdeckung an dem Tragermittel autweist und das Tragermittel mehrere beinformige Glieder zum Tragen
der Abdecikung ohne Kontakt mit der Wunde umtasst.

- Vorrichtung nach Anspruch 1 oder 16, dadurch gekennzeichnet, dass der Abdeckung nur eine einzige Offnung zum

Verbinden des Mittels zum ZutGhren von Unterdruck mit der Abdeckung zugeo«dnet ist

5 Vorrichtun'g nach Anspruch 8, dadurch gekennzeichnet, dass das Trage(rn'rnel ein konvexes Schutzschild autwaeist
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und die flexible Folie dber dem Schutzschild liegt und sich dber das Schutzschild an der Folienperipherie hinaus
erstreckt.

Vorrichtung nach Anspruch 35, dadurch gekennzeichnet, dass die Abdichtung mit einem Teil der flexiblen Folie, die
sich dber das Schutzschild hinaus erstreckt, zusammenwirkt, um die Abdeckung abzudichten.

Vorrichtung nach Anspruch 35, dadurch gekennzeichnet, dass sie ferner ein Zwischen R4ndern des Schutzschildg
und dem die Wunde umgebenden Gewebe positioniertes Poister umtasst.

3 Revendications

1.

2

10.
11,

12

Appareil (29¢) pour appliquer un traitement a pression réduite i une blessure, comprenant :

(a) une couverture imperméable (117) pour couvrir et enfermer la blessure (114) et pour maintenir une pres-
sion réduite & I'endroit de la blessure: ‘

{b) un joint (119) relié de facon fonctionnelle A la couverture {117) pour sceller ladite couverture au tissu entou-
rant la blessure;

(c) un moyen de support rigide (118), et

(d) un moyen pour fournir une pression réduite (112) relié de fagon fonctionnelle A 1a couverture pour une
liaison & une source de succion pour fournir et maintenir ladite pression réduite sous la couverture,
caractérisé en ce que ladite couverture (117) est en forme de feuille et en ce que ledit moyen de support ngide
(118) est associé A ladite couverture (117) et séparé de celle-ci pour garder la couverture hors de contact avec
la blessure.

Appareil suivant la revendication 1, caractérisé en ce qul comprend en outre un dcran (10Q) pour empécher une
croissance exagérée du tissu de la blessure, ledit écran (100) étant positionné entre ladite blessure (114) et lacite
couverture (117). :

Appareil suivant la revendication 2, caractérisé en ce que ledit écran (100) comprend une feuille poreuse.

Appareil suivant la revendication 1, caractérisé en ce que ladite pression réduite est d'erviron 6,77 kPa‘(z pouces
de Hg) sous la pression atmosphérique a environ 23,70 kPa (7 pouces de Hg) sous la pression atmosphérique.

Appareil suivant 'une quelconque des revendications 1 A 4, caractérisé en ce que ledit joint (119) comprend un
mateériau adhésit sur la couverture pour fixer ladite couverture au tissu entourant la blessure.

Appareil suivant la revendication 1, caractérisé en ce que ladite couverture comprend une fedille flaxible (128).

Appareil suivant la revendication 6, caractérisé en ce que le moyen de support (138) est en liaison avec ladite
feuille (128) pour soutenir ladite feuille & l'extérieur de la biessure.

Apparail suivant la revendication 7, caractérisé en ca que ledit moyen de support comprend un élément de support
(138) situé entre ladite feuille et la blessure.

Appareil suivant Ia revendication 8, caractérisé en ce que ledit élément de support comprend un élément formant
cloche poreuse (138) ayant un orifice de liaison (134) pour se relier audit moyen de fourniture de pression réduite
(132).

Appareil suivant la revendication 8, caractérisé en ce qu'il comprend en outre un coussinet (120) entre la blessure
(124) et ledit élément de support (138) pour soulager l'inconfort causé a la blessure par ledit élément de support.

Apcareil suivant a revendication 7, caractérisé en ce Que ledit moyen de support comprend un élément de support
(151) s'étendant vers I'extérieur au-dessus de 1a blessure (144) et en dehors de ladite feuille (148).

Apparail suivant la revendication 11, caractérisé en ce que ladit moyen de support comprend des moyens de fixa-
tion pour fixer ladite feuille audit moyen de support, ledit moyen de fixation ayant un élément de liaison (153) pour
sa relier audit moyen de foumniture de pression réduite pour fournir ladite pression réduite sous ladite feuille, et ledit
élément de support (151) comprenant une pluralité d'éléments formant pieds (158) fixés audit moyen de fixation
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Pour garder ledit moyen de fixation et ladite feuille hors de Ia blessure.

Appareil suivant la revendication 2, caractérisé en ce que ledit écran est propre A atre placé & un endroit entre Ia
blessure et ladite couverture pour empécher une croissance exagérée du tissu de la blessure et est tixé audit
endroit a la périphérie de ladite couverture.

Appareil suivant la revendication 2. caractérisé en ce que ledit écran comprend un filet en forme de feuille.

Appareil suivant la revendication 12. caractérisé en ce que ledit joint comprend un matériau adhésit sur la couver-
ture pour adhérer au tissu entourant la blessure et un élément de joint superposé au moins partiellement 3 ladite
couverture.

Appareil suivant I'une quelconque des revendications précédentes, caractérisé en ce que !edit moyen pour fournir
une pression réduite comprend un systéme de vide pour produire une prassion réduite.

Appareil suivant la revendication 16, caractérisé en ce que ledit systéme de vide comprend un dispositif de récu-
pération pour recusillir le fluide aspiré de la blessure.

Appareil suivant la revendication 17. caractérisé en ce que ledit dispositif de récupération comprend un moyen pour
arréter ladite application de pression réduite 4 la blessure quand ledit fluide dépasse une quantité prédéterminée.

Appareil suivant 'une qQuelconque des revendications 16 & 18, caractérisé en ca Que ladite pression réduite est
d'environ 6,77 kPa (2 poucas de Hg) sous la pression atmosphérique A environ 23,70 kPa (7 pouces de Hg) sous
la pression atmosphérique.

Appareil suivant 'une queiconque des revendications 16 & 19, caractérisé en ce que ledjt moyen d'application de
pression réduite comprend une longueur de tube reliant ledit systéme de vide 4 ladite couverture, et en ce que ledit
systéme de vide comprend :

(a) une pompe & vide reliée audit tube, et
(b) un filtre pour empécher ladite pompe de dégager des micro-organismes aspirés de la blessure,

Appareil suivant la revendication 20, caractérisé en ce que ledit filtre est relié le long du tube entre ladite pompe et
ladite couverture pour empécher une contamination de ladite pompe.

Appareil suivant 'une quelconque des revendications 16 a 21, caractérisé en ce que ledit systéme de vide com-
prend un moyen de contrle pour contrdier de maniére cyclique ladite production de pression réduite en périodes
alternantes de production et de non-production de pression réduite.

Appareil suivant la revendication 16, caractérisé en ce quae ledit moyen de fourniture de pression réduite comprend
une longueur de tube et ledit systéme de vide comprend un récipient aspirateur relié le long de ladite longueur de
tube entre ledit systéme de vide et ladite couverture st un clapet a flotteur a limérieur dudit récipient d'aspiration
pour bloquer ledit tube quand une quantité prédéterminée de fluide est recueillie dans ledit récipient.

Appareil suivant la revendication 18, caractérisé en ce que ledit systéme de vide comprend une chambre extensi-
ble et un moyen capteur pour capter I'axtension de ladite chambre extensible, ledit moyen capteur étant relié de
fagon fonctionnelle audit systéme de vide, de sorte que l'application d'une pression réduite 4 la biessure est arrétée
quand une extension prédéterminée de ladite chambre extensible est captée par ledit moyen capter.

Appareil suivant la revendication 18, caractérisé en ce que ledit moyen de fourniture de pression réduite comprend
une longueur de tube et ledit moyen d'arrét comprend un filtre le long dudit tube, ledit fitre ayant des poresquibl -
quent |a fourniture de pression réduite par lintermadiaire dudit tube quand lesdits pores sont remplis avec ledit
fluide. . .

Appareil suivant la revendication 1, caractérisé en ce que ledit moyen de fourniture de pression réduite comprend
un écran de moussa 4 alvéoles ouvertes pour appliquer la pression réduite 4 |a blessure, et un élément de tube
incorporé dans ledit écran pour s'étendre d'en dessous de la couverture et pour fournir la pression réduite A ladite
mousse.
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27. Apcareil suivant fa revendication 28, caractérisé en ce que ledit élément de tube présente un ortice latéral a lintaé.
rieur de la mousse pour permettre une application essentiellement uniforme de Ia pression réduite 3 Ia blessure.

28. Appareil suivantla revendication 26 ou 27, caractérisé en ce que ledit écran de mousse est adapté pour se confor-
mer a la forme et 4 la taille de 1a blessure.

29. Appareil suivant la revendication 1, caractérisé en ceque:

(a) ladite couverture comprend une couverture déformabie & placer sur la blessure:

(b) ledit joint comprend une couche adhésive sur la couverture pour former un joint entre ladite couverture et
ledit tissu entourant la blessure:

(c) ledit moyen de support soutient ladite couverture a I'extérieur de la blessure, formant un volume enfermé
délimité par ladite couverture et la biessure et le tissu entourant la blessure, et

(d) ledit moyen de fourniture da pression réduite fournit une pression réduite audit volume enferme, et déforme
ladite couverture, de maniére & maintenir la pression réduite sur la blessure et & exercer une tension sur le
tissu entourant Ia blessure.

30. Appareil suivant la revendication 29, caractérisé en ce que ledit moyen de support comprend un élément de sup-
port situé a lintérieur dudit volume enferme.

31. Appareil suivant la revendication 30, caractérisé en ce que ledit élément de support comprend un élément formant
cloche poreuse.

32. Appareil suivant la revendication 30, caractérisé en ce que ledit moyen de support comprend un élément de sup-
port positionné a I'extérieur dudit volume enfermd. ’

1

33. Appareil suivant la revendication 32, caractérisé en ce que ledit moyen de support comprend un moyen de fixation

pour fixer ladite couverture audit moyen de support, et ledit moyen de support comprend une pluralité d'éléments
formant pieds pour soutenir ladite couverture hors de contact avec la blessure.

34. Appareil suivant I'une quelconque des revendications 1 et 16, caractérisé en ce qu'un seul orifice est associé A
ladite couverture pour relier ledit moyen de toumituye de pression réduite A ladite couverture.

35. Appareil suivant la revendication 8, caractérisé en ce que le moyen de support comprend un bouclier convexe et la
feuille flexible recouvre at s'étend au-dela du bouclier a la périphérie de 1a feuille.

36. Appareil suivant la revendication 35, caractérisé en ce qQue le joint coopére avec une partie de la feuille tlexible qui
s'étend au-deld du bouclier pour sceller la couverture.

37. Appareil suivant la revendication 35, caractérisé en ce quil comprend en outre un coussinet positionné entre les
bords du bouclier et le tissu entourant la blessure.
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